Micromachined silica microchannel plates (MCPs) being developed by Nanosciences 
I. INTRODUCTION
on the order of 6-8 µm). The accuracy of timing can be as high as ~200 ps and the quantum efficiency is at 50% level for ultraviolet photons. New highly efficient semiconductor photocathodes, such as GaN, GaAs, GaAsP and InGaAs extend the sensitivity of MCP detectors into NUV, visible and near infrared spectral ranges.
The new emerging silicon-micromachined MCP technology developed by Nanosciences
Corp. opens up completely new possibilities. The fabrication process of silica microchannel plates starts with photolithographic masking of the channel pattern on the surface of a Si wafer, well optimized by the semiconductor industry. The new micromachining process developed by NanoSciences Corp. is capable of etching high aspect ratio (length-to-diameter >100) structures in Si. The resulting MCP geometry is uniform and coherent, which leads to much better flat fields free of fixed pattern noise characteristic of glass MCPs. There is also a limit to the reduction of glass-MCP pore size (currently on the order of 6 µm), while Si micromachining can produce MCP with submicron pores and can produce a variety of MCP geometrical structures, for example MCPs with hexagonal 6 µm pores 2, 3 . At the same time, size formats of Si microchannel plates can be substantially larger than today's standard dimensions. The etched Si MCP structure cannot be used as an electron multiplier due to excessive conductivity. After the Si MCP substrate wafer has been diced into the desired sMCP shapes, the Si matrix is completely oxidized eliminating the conducting Si in the channel walls and allowing high voltages to be supported. At the completion of the oxidation process, a CVD coating is deposited to provide the current conduction and secondary electron emitting layer. In this paper we present the results of our studies on thermal properties of current sMCPs, provided by Nanosciences Corp. The microchannel plates used in this study were 40:1 L/D, 25 mm in diameter with 6 µm square pores on 8 µm centers, biased at 5-8 degrees.
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II. THERMAL PROPERTIES OF SILICA MCPS: MEASUREMENTS
AND CALCULATIONS
A. MCP resistance variation with temperature and voltage
The count rate capabilities of MCP detectors are known to be limited by the recharge time, which is proportional to the MCP resistance 9 . Consequently the dynamic range of MCP detectors can be extended by the reduction of the MCP resistance. However, the negative temperature coefficient of glass MCPs ultimately leads to thermal instability as the resistance is decreased. A larger amount of Joule heat is generated by low-resistance The resistance of glass MCPs was reported to depend on both temperature and applied high voltage 10,11 :
where R 0 is the resistance of MCP measured at V MCP =0V and temperature T MCP =T 0 .
To determine the thermal coefficient, α V, of sMCPs, we mounted them in a thermally Once the voltage across the MCP is increased the Joule heat generated by the MCP elevates its temperature. Increased temperature leads to the reduction of the MCP resistance, which in turn results in a larger amount of Joule heat generated, leading to a further temperature increase. The MCP resistance finally stabilizes when Joule heat is balanced by the heat dissipation through radiation and conduction:
7
In our experiments we used an all-plastic detector body, which effectively did not allow any heat dissipation through conduction, except for the spacer between the MCPs and the vacuum flange. Taking that into account, eq. (2) leads to the following equation: is assumed to be a heat sink maintained at ambient temperature T A . The factor of 2 in the first term on the right hand side takes into account the fact that the heat is radiated from both surfaces of the MCP. Assuming the MCP is thin enough so that the temperature is uniform across its volume and substituting eq. (1) into eq. (3) we obtain:
From equation (4) Thus coefficient α V can be found by a best fit of calculated R MCP to measured data. The solid line in Fig.2 corresponds to the results of our numerical iterative calculations using eq. (1) and (4) (1) and (4) with α V assumed to be equal to 0, while crosses in that graph correspond to the case when β T is set equal to 0 (only voltage dependence of resistance is taken into account). At higher voltages the contribution of the thermal term β T dominates over voltage term α V and eventually leads to a runaway, while at lower voltages the contribution from the term β T is minimal.
Knowing coefficients β T and α V also allows us to calculate from equation (1) The calculation results imply that the thermal runaway for an MCP with R 0 =10 MΩ will happen at voltages below 520V, while a sMCP with 60 MΩ initial resistance should be stable at voltages as high as 1000V, unless some manufacturing defects result in localized heating leading to a runaway.
B. MCP thermalization time after voltage is applied
With the knowledge of the voltage and thermal coefficients α V and β T we can estimate how long it takes for sMCPs to reach the thermal equilibrium after a given voltage V MCP 10 is applied. Here again we assume that the MCP is thin so that there is no temperature gradient along the pores. Conductivity through the contact electrodes is also neglected.
The temporal equation of thermal balance can be written then in the following form: 
where c p (MCP) is the thermal capacity of sMCP, ρ MCP is its density and υ MCP is the volume of the MCP walls, c p (spacer) is the thermal capacity of the peek spacer and ρ spacer is its density. We assume that the temperature gradient across the spacer is a linear function, leading to the averaged temperature increase of the spacer to be one half of dT. Using equations (1) and (3) and integrating the equation (5) (4)). Equation (6) However, more precise quantitative measurements of thermalization time are yet to be carried out.
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III. DISCUSSION
The results of our study of thermal properties of newly developed silica MCPs indicate that these microchannel plates have negative thermal coefficient, similar to that of standard glass microchannel plates. By measuring the resistance as a function of MCP temperature for the temperatures varying between -17 and 48 o C we found that the resistance of sMCPs indeed changes exponentially with temperature - The runaway will likely to happen at lower voltages due to the presence of temperature gradient and local heating not taken into account in calculations. 
